We consider the initial-boundary value problem ofparabolic-elliptic systems on bounded domains in 2 with smooth boundary which is a mathematical model of chemotaxis.
INTRODUCTION
This paper is concerned with the finite-time blowup of solutions for two types of parabolic-elliptic system considered in [19, 21] which are simplified versions of a parabolic system proposed by Keller and Segel [20] . The In both these systems, a and X are positive constants, O/On represents the directional derivative along the outward unit normal vector n on cgf. In (JL), is the mean value of u0 defined by u--6 Tuo dx.
We always assume that u0 is smooth on , u0>0, 0 on [2. Under this condition there exists T> 0 such that (P) admits a unique classical solution (u, v) on f x [0, T], which satisfies u(x,t) > O, v(x,t) > O onyx ( [21] . The same results are also valid for solutions of (JL) except for the positivity of v. We remark that lim sup in (1.1) for solutions of (P) can be replaced with lim (see [23, 27] ). The finite-time blowup of solutions to the Keller-Segel model was conjectured in [4, 5, 25] . They conjectured that solutions of the KellerSegel model may blow up in finite time with 6-function singularities. Finite-time blowup with 6-function singularities is referred to as chemotactic collapse. In two dimensions, to the best of our knowledge, the first result on finite-time blowup was shown in [19] for radial solutions of(JL) on a disk. In [21] he considered (P) on a disk f in 2, and showed that under the condition f u0 dx > 87r/(aX) the radial solution of (P) blows up in finite time if f uo(x)lxl 2 dx is sufficiently small, but under the condition f u0 dx < 87r/(aX) the radial solution exists globally in time. The possibility of blowup in three or more dimensions was also studied. The same results are also valid for (JL). Concerning chemotactic collapse, in [11] [12] [13] they showed that chemotactic collapse actually occurs in two dimensions. For further studies, see [14, 15] . It is obtained that in [23, 27] finite-time blowup in two dimensions necessarily leads to chemotactic collapse at each isolated blowup point, and that in [27] the number of blowup points of solutions to (P) is finite.
We refer to [29] for the local existence of solutions of more general parabolic systems including the Keller-Segel model, to [2, 9, 24] for the global existence of the Keller-Segel model, and to [16, 17] for blowup. For related results to the Keller-Segel model we also refer to [6, 7, 22, 26] .
We remark that parabolic-elliptic systems similar to (P) appear as models for gravitational interaction of particles (for instance, see [1, 3, 8, 28] and references therein). In [1, 3] --Aw =f in B, w=0 onOB.
The solution w is expressed as
where G(x, y) is the Green function of --A on B with homogeneous Dirichlet boundary conditions. We remark that the Green function G(x, y) has the following representation (for instance, see [10, 18] Define E cl (2) Neumann boundary conditions (see [10, 18] ). G(x, y) satisfies
where C is a positive constant Proof For simplicity, we may assume that the point q is the origin by the translation x x-q, since two equations of (P) are invariant under translations. Multiply ut V. G(x,y){arl(y)u(y, t) + g(y, t) 7(y)v(y, t)} dy, (3.3) where G(x,y) is the Green function of-A on B with homogeneous Dirichlet boundary conditions. As mentioned in Section 2, G(x, y) has the following representation:
G(x, y) N(x-y) + K(x, y), (3.4) where N(x-y) --log Ix-yl and K E C2(B x/). Since v w on B3 and Vq 0 outside ofB2, by (3.3) the second integral on the right-hand side of (3.2) is expressed as Here, we used r 2<(x) forxB1.
The second term on the right-hand side of (3.6) is estimated as u(x, t)u( y, t) dy dx 27r(r2 rl)
Hence, the term I1 is estimated as
Since Ix Yl > r3 r2 for (x, y) B2 (B\B3), I2 is estimated as Here, we used (2.3) and u(x, t)(dP(x)) l/2 dx <_ ( f uo dx)l/2( f u(x, t)dp(x) dx) 1/2. with a positive constant C. Then,
To calculate further, we apply (2.10) and (2.11) to the second equation of (P) to get IIv(t)llw,.,(a) <_ Cllu(t)ll,,(a/= Cllu011,,(a). 
